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Effects of temperature on absorption of 18000-ppm H 2 S on 0.01-g MCRH-67 sorbent with 10-v% hydrogen and 10-v% moisture, using the reaction model.
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Effects of temperature on surface reaction rate constant in the absorption of 18000-ppm H 2 S into MCRH-67 sorbent with 10-v% H 2 and 10-v% moisture, using the Arrhenius equation. 
INTRODUCTION
Coal is the most plentiful energy resource in the United States and continues to be the major fuel utilized by electrical power plants. The coal resources will become attractive for chemical feedstocks as well as for a source of liquid and gaseous fuels as petroleum resources become continually depleted.
Coal is a very complex and heterogeneous material. Effective utilization of coal requires an understanding of the formation, structure, and purification of coal. Raw coal consists of minerals and organic matter. The minerals include primarily pyrites, silicate (quartz, clays) and various minor minerals, whereas organic matter is composed of carbon, oxygen, hydrogen, nitrogen and sulfur. Sulfur in coal is present in organic, pyritic and sulfate forms. Although the sulfur occurring in the form of relatively coarse pyrite particles is removed largely by density separation, very finely disseminated pyrite and organic sulfur cannot be removed in this way. Sulfur products from combustion not only pollute the environment, but are also detrimental to combustion systems because of the corrosive action of their combustion products. In the gasification process, coal is reacted with steam and oxygen to produce a medium to high calorific value fuel gas. The fuel gas can be subsequently combusted in a gas/steam turbine combined cycle (IGCC). These IGCC-based power generation options offer much higher thermodynamic cycle efficiencies that promise to remove all forms of pollutants released from a coal conversion process through lower fuel consumption.
The removal of hydrogen sulfide from hot coal gas produced in the IGCC-based system by metal oxide sorbents is required to protect downstream combustion turbines from being corroded with sulfur compounds. The removal of sulfur compounds from coal gas products is investigated by using various metal oxide sorbents and membrane separation methods. Current investigations show that the removal of sulfur with metal oxide sorbents appears to deliver the most promising results. The main requirements of these metal oxide sorbents are durability and a high sulfur-loading capacity during absorption-regeneration cycles.
EXPERIMENTAL SETUPS
A differential micro reactor was fabricated with a titanium grade-2 tube. The volume of reactor is 0.83 cm 3 . The RTI MCRH-67 sorbent in the form of 130-µm spherical particles were examined. These sorbent particles were reacted with simulated coal gases containing hydrogen sulfide in the differential micro reactor for 4 -180 seconds at 350 -525 o C. Absorption amounts of hydrogen sulfide into the sorbent were analyzed with the LECO Sulfur Analyzer. The range of space (residence) time of the reaction gas mixture in the reactor was 0.069 -0.088 s under the reaction conditions. A differential reactor assembly mainly consists of four mass flow meters for gases, one differential reactor, one preheater, one high pressure liquid pump for water, one four-way switch valve, one muffle furnace, three filters for gases, four check valves, and one water collection bottle (see Figure 1) . The differential reactor is fabricated with one 5-cm-long ¼-inch titanium grade-2 tubing and two ¼-inch external column end fittings. The preheater is made of 1/16-inch Hastelloy C tubing. The reactor was loaded with 130 µm sorbent particles. The reactor, loaded with the sorbent particles, was placed inside the muffle furnace to be heated at a desired temperature. Nitrogen was introduced into the sorbent-loaded reactor during preheating the reactor. When the temperature of the reactor was raised at the desired temperature, a simulated coal gas mixture, containing H 2 S, was introduced into the reactor for desired reaction duration, by switching nitrogen with the simulated coal gas mixture. The typical reaction conditions are shown in Table 1 . The properties of the sorbents are shown in Table 2 . THEORY Levenspiel [1] described a reaction equation for a gas-solid reaction of spherical particles, using three reaction rate-controlling steps such as mass transfer of gaseous reactants through gaseous reaction mixtures, diffusion of reactants through porous solid reactants, and surface reaction of gaseous reactants with solid reactants (see Equation 1) . Equation 1 was rearranged to obtain mass transfer rate of H 2 S, intraparticle diffusivity of H 2 S, and reaction rate of H 2 S with the sorbent using the physical properties (see Table 2 ), and the experimental data (see Table 3 ). This equation is developed under the assumptions that the shrinking core model and a quasisteady state are valid.
Equation 2 is obtained from Equation 1, when mass transfer rates are much higher than both diffusion rates of gaseous reactants and reaction rates of solid reactants. Equation 2 was applied to the experimental data shown in Table 3 to obtain both surface reaction rate constant and intraparticle diffusivity of H 2 S with the MCRH-67 sorbent. Conversion of a sorbent is described in terms of the radius of an unreacted core, as shown in Eqution 3. The value of the slope, obtained from the linear least squares method, is equal to the value of C S R 2 /(C G ä) , as shown in the first term of Equation 2. The value of intraparticle diffusivity ä can be computed by substituting the known value of the slope C S R 2 /(C G ä) with the sorbent radius R, the H 2 S concentration C G , and the total absorption capacity of the sorbent C S , as shown in Figures 4, 8, 11 and 14.
The value of the intercept, obtained from the linear least squares method, is equal to the value of C S R/(C G k b ') , as shown in the second term of Equation 2. The value of surface reaction rate constant k b ' can be obtained by substituting the known value of the intercept C S R/(C G k b ') with the sorbent radius R, the H 2 S concentration C G , and the total absorption capacity of the sorbent C S , as shown in Figures 4, 8, 11 and 14.
RESULTS AND DISCUSSION
Experiments on absorption of hydrogen sulfide into the MCRH-67 sorbent was carried out for 4 -180 seconds at 350 -500 o C (see Table 1 ) to evaluate effects of concentrations of H 2 and moisture, temperature, and sorbent amounts on initial dynamic absorption of hydrogen sulfide into the sorbent. A typical simulated coal gas mixture consists of 18000-ppm hydrogen sulfide, 10-vol % moisture, 10-vol % hydrogen, and nitrogen as remainder. A volumetric feed rate of a simulated coal gas mixture to the reactor is 750 cm 3 /min at room temperature and atmospheric pressure. The temperature of the reactor is controlled in the furnace oven at 350 -525 o C. The pressure of the reactor is maintained at 40.7 psia. Most reaction of H 2 S with the sobent appears to occur for the first 3-min reaction duration. The entire reaction experimental data for this report were obtained for the 3-min reaction duration.
Effects of Temperature on Initial Dynamic Absorption of H 2 S
Experiments on initial absorption of H 2 S into the sorbent were carried out for 4 -180 seconds at 40.7 psia and 350 -525 o C to find effects of temperature on initial dynamic absorption of H 2 S with the sorbent. The concentrations of both moisture and hydrogen are maintained at 10-volume percent. The concentration of hydrogen sulfide in the simulated coal gas mixture is maintained at 18000 ppm.
Initial absorption of H 2 S into the MCRH-67 sorbent is affected with absorption temperature for short absorption duration of 4 -180 seconds (see Figure 2) . Equation 2 was applied to the experimental data to obtain surface reaction rate constants of H 2 S with the sorbent and intraparticle diffusivity values of H 2 S through pores of the sorbent (see Figure 3) . The range of surface reaction rate constant is 0.18 -0.55 cm/s (see Table 4 Initial absorption of H 2 S into the MCRH-67 sorbent is affected with concentrations of moisture for short absorption duration of 4 -180 seconds (see Figure 6 ). These facts may indicate that moisture is not inert for the reaction of H 2 S with the MCRH-67 sorbent. Equation 2 was applied to the experimental data to obtain surface reaction rate constants and intraparticle diffusivity values of H 2 S with the sorbent (see Figure 7) . The range of surface reaction rate constants is 0.34 -0.41 cm/s, and the range of intraparticle diffusivity values is 0.0014 -0.0017 cm 2 /s (see Table 4 ). These observations may indicate that reactivity of the MCRH-67 sorbent and intraparticle diffusivity decrease slightly with increased moisture concentrations. These facts also suggest that the controlling steps for the absorption of H 2 S into sorbent particles are surface reaction of H 2 S with reactive sites of sorbent particles and diffusion of H 2 S through porous sorbent particles in the presence of moisture. Figure 9 ). Equation 2 was applied to the experimental data to obtain surface reaction rate constants and intraparticle diffusivity values of H 2 S (see Figure 10 ). The range of the surface reaction rate constant is 0.34 -0.48 cm/s, and the range of the intraparticle diffusivity values is 0.0013 -0.0014 cm 2 /s. The concentrations of hydrogen and moisture were maintained at 10-v % and 15-v %, respectively. The concentration of H 2 S was maintained at 18000 ppm. The surface reaction rate constant increase with increased amount of the sorbent. The intraparticle diffusity values do not change significantly with increased amount of the sorbent (see Figure 11 ). These observations may suggest that mass transfer of H 2 S from the bulk gaseous phase to the surface of the solid sorbent affects somewhat the overall reaction of H 2 S with the sorbent Concentrations of hydrogen do not affect significantly initial dynamic absorption of H 2 S into the MCRH-67 sorbent in the hydrogen concentration range of 5 -27 v% (see Figure 12) . Equation 2 was applied to the experimental data to obtain initial surface reaction rate constants and intraparticle diffusivity values (see Figure 13 ). The range of the initial surface reaction rate constant is 0.32 -0.42 cm/s, and the range of the intraparticle diffusivity values is 0.0013 -0.0015 cm 2 /s (see Table 4 ). Surface reaction rate constant and intraparticle diffusivity slightly increase with hydrogen concentration. These facts may indicate that hydrogen does not affect significantly both surface reaction of H 2 S with the sorbent and intraparticle diffusivity of H 2 S through the porous sorbent (see Figure 14) .
CONCLUSIONS
The following conclusions were drawn based on the experimental data generated from the differential reactor system, and their interpretations,
• Initial absorption of H 2 S into the MCRH-67 sorbent is affected with absorption temperature for short absorption duration of 4 -180 seconds. The range of surface reaction rate constant is 0.18 -0.55 cm/s. The range of intraparticle diffusivity values of the sorbent is 0.0004 -0.0025 cm 2 /s. These observations may indicate that reactivity of the MCRH-67 sorbent be dependent on reaction temperature in the temperature range of 350 -525 o C. These facts also suggest that the controlling steps for the initial absorption of H 2 S into sorbent particles are surface reaction of H 2 S with reactive sites of sorbent particles and intraparticle diffusivity through pores of the sorbent.
• Initial absorption of H 2 S into the MCRH-67 sorbent is affected with concentrations of moisture for short absorption duration of 4 -180 seconds. These facts may indicate that moisture is not inert for the reaction of H 2 S with the MCRH-67 sorbent. The range of surface reaction rate constants is 0.34 -0.41 cm/s, and the range of intraparticle diffusivity values is 0.0014 -0.0017 cm 2 /s. These observations may indicate that reactivity of the MCRH-67 sorbent and intraparticle diffusivity decrease slightly with increased moisture concentrations.
• Amounts of the MCRH-67 sorbent affect slightly initial dynamic absorption of H 2 S into the sorbent in the sorbent amount range of 0.005-0.02 g. The range of the surface reaction rate constant is 0.34 -0.48 cm/s, and the range of the intraparticle diffusivity values is 0.0013 -0.0014 cm 2 /s. Absorption of H 2 S into the sorbent is almost independent of amount of the sorbent in the reactor. The surface reaction rate constant increase with amount of the sorbent. The intraparticle diffusity values is almost independent of amount of the sorbent. These observations may suggest that mass transfer of H 2 S from the bulk gaseous phase to the surface of the solid sorbent affects somewhat the overall reaction of H 2 S with the sorbent
• Concentrations of hydrogen affect slightly initial dynamic absorption of H 2 S into the MCRH-67 sorbent in the hydrogen concentration range of 5 -27 v%. The range of the initial surface reaction rate constant is 0.32 -0.42 cm/s, and the range of the intraparticle diffusivity values is 0.0013 -0.0015 cm 2 /s. Surface reaction rate constant and intraparticle diffusivity slightly increase with hydrogen concentration. These facts may indicate that hydrogen affects slightly both surface reaction of H 2 S with the sorbent and intraparticle diffusivity of H 2 S through porous sorbents.
